Groups of schizophrenics with and without auditory hallucinations and nonpsychotic controls were administered a test of vividness of auditory imagery, participated in a listening task, and were measured on their ability to assess the accuracy of their auditory perceptions. In accordance with the hypothesis, the hallucinators tended to have high, and the nonhallucinators low vividness of auditory imagery. Furthermore, the three groups differed significantly in their ability to assess the accuracy of their auditory perceptions, with the hallucinators demonstrating the greatest inability while the controls were best able to judge the correctness of their auditory perceptions. A model of hallucination formation is proposed in which vividness of auditory imagery and defective reality testing are seen as prerequisite but not necessarily sufficient.
to reality," or "all objects in my mental picture are as bright as the actual scene," or "the images are brilliant and distinct." Malitz, Wilkens, and Esecover (1962) reported that 50% of a 100 randomly selected chronic schizophrenics experienced auditory hallucinations, and 9% had visual hallucinations. Approximately the same percentage of schizophrenics experienced visual hallucinations as Galton's "normals" had "the faculty of seeing pictures," and about the same percent of schizophrenics had auditory hallucinations as Spanos and Barber's "normals" had clearly heard "a suggested auditory hallucination" (their phrase). If these results on the distribution of vivid imagery are generalizable from normals to schizophrenic 5s, they may be interpreted as suggesting that it is the combination of impaired reality testing function characteristic of the disorder plus the individual's predisposition to vivid imagery that results in hallucinations. That is, the 10% of the normal population that experience vivid visual imagery and the 48% that experience vivid auditory imagery 3 have an unimpaired reality testing function capable of correctly differentiating these intrinsic phenomena from extrinsic stimuli, although they may be just as vivid and intense. However, their schizophrenic counterparts experiencing this vivid imagery, but with impaired reality testing, are 8 We do not intend to imply a discontinuity between vivid and nonvivid imagery. The measurement process imposes a dichotomizing effect upon a phenomenon that is very likely continuously distributed throughout the population.
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defective in their ability to discriminate between intrinsic and external stimuli. An investigation of this hypothesis is the primary purpose of this study.
Previous investigations of the relationship of imagery to schizophrenic hallucinations have either concluded that none exists or that if a relationship does exist it is a negative one (Cohen, 1938; Roman & Landis, 1945; Seitz & Molholm, 1947) . However, these studies were concerned with the correlation between the preferred imagery modality with the sense modality of the Ss' hallucinations. Only in the Roman and Landis study was an attempt made to measure the vividness of the Ss' imagery. Utilizing a questionnaire that ascertained both predominant sense modality of imagery and also the vividness of imagery, they found that 18 of their 20 auditory hallucinating 5s experienced vivid auditory imagery and all possessed vivid visual imagery. Nonhallucinating control 5s were not studied, nor was there further discussion of this finding, as these researchers were also primarily concerned with the relationship of sense modality of imagery to modality of hallucination.
More recent studies by Sheehan (1967) and Zuckerman, Albright, Marks, and Miller (1962) have demonstrated high intermodality correlations for vividness of imagery. It seems important to separate the question of the relation of the vividness of imagery within a sense modality and hallucination formation from the question of preferred modality of imagery and modality of hallucination.
Assuming a high vividness of imagery, it may be that factors determining the preferred modality of imagery are not crucial in determining the modality of hallucinations. Environmental or cultural factors could contribute (Alpert & Silvers, 1970) . We have shown that suggestion and arousal can influence the frequency of hallucinations in schizophrenic hallucinators (Alpert, Silvers, & Drossman, 1968) . In addition, it is conceivable that the schizophrenic process may influence the vividness of imagery. Our experimental design cannot clarify this last question. We are concerned whether vivid auditory imagery may be a necessary (although not sufficient) prerequisite for hallucinations in schizophrenics and whether hallucinators are as aware as nonhallucinators of the distortions that they in-, troduce into their perceptions of verbal stimuli.
METHOD Subjects
Three groups of 20 5s each were studied concurrently.. The hallucinating schizophrenic and the nonhallucinatr ing schizophrenic groups were selected from the daily listing of patients admitted to Bellevue Psychiatric Hospital. This listing includes the admitting diagnosis and a brief symptom picture and is based on the admitting psychiatrist's notes. For all those patients diagnosed as schizophrenic who were between 18 and 50 yr. old and whose admission was not complicated by alcohol or drug abuse, a second independent diagnosis and information concerning hallucinations were obtained from the ward psychiatrist. When both the admitting and ward psychiatrist agreed on an uncomplicated diagnosis of schizophrenia and also on the. presence or absence of auditory hallucinations, the cooperation of the patient was solicited (each 5 was required to sign a consent form). Patients were tested after they had been in the hospital for at least a week but not more than a month.
The "nonpsychotic" control group (C) consisted of 20 ambulatory patients from Bellevue General Hospital who were described by their nurses as "mentally clear" and who denied ever having been a patient in a mental hospital or.having heard voices when alone. The nature of the study was explained and their cooperation was requested. All Ss were English speaking and had hearing adequate for the demands of the study. Table 1 presents information on age and sex for the three groups and the diagnosis and medication for the schizophrenic groups. The chlorpromazine equivalent was computed by multiplying the daily dose of the phenothiazine that the patient was receiving at the time of testing by the factor reported by Hollister (1970) . The difference between the schizophrenic groups in dose level, based on this computation, approached statistical significance (t test, p = .10). In : a later section we will attempt to show that phenothiazine 
Apparatus
Testing was done in a sound-attenuated room (through-the-wall transmission was attenuated about 50 db, at 100 Hz.). For the listening task, S wore headphones with semiplastic cushions (Koss Model PRO-4) which provided, approximately, an additional 40 db. of attenuation in the midfrequency band. The laboratory is on a relatively quiet corridor, so that 5 was effectively isolated from stray external sounds. The headphones were connected to a noise generator (Grason-Stadler, Model 901). During the listening task, approximately 78 db. (re .0002 dynes/cm 2 ) of speechshaped white noise was delivered to the headphones.
Twenty-four sentences were chosen from a listing prepared at the Central Institute for the Deaf (Davis & Silverman, 1960) to represent "everyday American speech" and were recorded by a female, native American speaker. The recording was passed through a band-pass filter (Krohn-Hite, Model 330M) and recorded on another tape recorder. To achieve the high intelligibility condition, the filter was set to pass a band below 10 kHz. To achieve the medium intelligibility condition, the low pass filter was set at 1,500 Hz. (which yields an intelligibility level of approximately 50%). The low intelligibility condition was achieved by setting the low pass filter at 350 Hz. which yields an intelligibility level under 20%. The high pass filter was kept at 120 Hz. for all conditions. (These filter settings were selected through reference to the Licklider and Miller (1951) review of speech intelligibility.) After the filtered recordings were obtained, they were adjusted for equal sound level. The level was measured by obtaining a visual representation of the log of the demodulated voltage by playing the filtered recording into an Ofner Type 9822 log-audio coupler and written out on a polygraph (Ofner Type R). In this way, if the peak log voltage for any phrase varied by more than 1 db., the playback gain of the tape recorder was adjusted to achieve the desired playback level. Once this was achieved, the phrases were rerecorded on a master tape on which the time between phrases was set by varying the amount of leader. The time between phrases averaged 45 sec. and ranged randomly between 30 to 60 sec. The peak level of the phrases was set equal to the level of the background noise.
Procedure
Vividness of auditory imagery. After S and E were seated in the sound-attenuated cubicle, E gave the following instructions: "This is a test of the vividness of your imagination. I want you to close your eyes and imagine hearing a phonograph record with words and music playing 'White Christmas' until I ask you to stop." 4 4 This task is identical to that of Spanos and Barber (1968) , but the instructions have been altered in an attempt to reduce suggestibility.
After 30 sec., 5 is asked to check the following rating scale:
A. "I heard a phonograph record of 'White Christmas' clearly and believed that the record was actually playing." B. "I heard the phonograph record of 'White Christmas' clearly but knew there was no record actually playing." C. "I had a vague impression of hearing the record playing 'White Christmas.'" D. "I did not hear the record."
Confidence levels of auditory projections. The E then gave the following instructions: Through these headphones you will hear a number of recorded phrases along with background noise. Each time something is said, I want you to repeat exactly what you heard. // you are unsure of -what was said, you are to guess. After you have told me what was said, I would like you to indicate the number (E points to rating scale displayed before 5) that best describes how sure you are that you've received the message correctly. The E then read the rating scale displayed before S.
6-Positive I received the message correctly. 5-Fairly certain I received the message correctly. 4-Can't decide, but I think I received the message correctly. 3-Can't decide, but I think I received the message incorrectly. 2-Fairly certain I received the message incorrectly. 1-Positive I received the message incorrectly.
The E then asked if there were any questions. After E was certain that 5 understood the instructions completely, the headphones were put in place, the noise generator was started, and after a minute the tape played. If 5 responded that he had detected a phrase but was unable to guess, E stopped the tape momentarily (leaving the noise on) and reminded S that it is important that he try to guess.
Accuracy, for the report of each stimulus phrase, was defined as the percentage of correctly identified syllables, as in the following formula: Accuracy Score _ No. of correctly reported syllables ."" No. of syllables in stimulus phrase
From the formula it may be noted that there was no penalty in accuracy score for syllables in the report that did not appear in the stimulus phrase.
RESULTS

Vividness of Auditory Imagery
Thirty seconds after requesting S to imagine hearing a phonograph record of "White Christmas," he was presented four written statements and asked to choose the one that best described the experience he just had. If an 5 chose either Statement A, "I heard a phonograph record of 'White Christmas' clearly and believed that the record was actually playing" or B, "I heard the phonograph record of 'White Christmas' clearly but knew there was no record actually playing," he was considered to be a high vividness auditory imaginer, because in both cases the auditory image is described as being clearly heard. If 5 chose C, "I had a vague impression of hearing the record playing 'White Christmas' " or D, "I did not hear the record," he was considered to be a low vividness auditory imaginer.
The results of this vividness of auditory imagery measure are presented in Table 2 .
Seventeen of the hallucinating schizophrenics checked A or B, the high vividness categories, and three checked C or D, 6 the low vividness categories. Of the nonhallucinating schizophrenics, 1 checked B and 19 checked C or D. Among the controls, 8 had high vividness scores and 12 had low vividness scores. These differences in frequencies of high and low vividness imaginers among the groups is highly significant (X 2 = 26.89, df = 2, p< .001). As predicted, the hallucinating schizophrenic group contained a significantly greater number of vivid auditory imaginers, and the nonhallucinating schizophrenic group contained significantly more low vividness auditory imaginers than would be expected by a chance departure from null difference.
6 Of the three hallucinators who had low vividness scores, two were the least frequent hallucinators in the group, reporting they heard voices only a couple of times a month. The third explained that his voices were so loud and constant that he couldn't concentrate on hearing "White Christmas."
Accuracy-Confidence Correlations
Individual product-moment correlations were calculated between the accuracy scores and corresponding confidence scores for each 5 across their responses. A high correlation would indicate that 5 made an appropriate adjustment in his confidence to accommodate to variations in accuracy. These correlations may be viewed as an index of each S's reality testing at least insofar as it applies to the listening task situation. For example, Phrase 20 was "The water is too cold," presented at the low intelligibility level. I. R., a nonpsychotic control S, responded, "Nobody likes me" and gave a confidence score of one-"positive I received the message incorrectly." D. K., a hallucinating schizophrenic S, responded, "Remember me please," and gave a confidence score of 6-"Positive I received the message correctly." The accuracy score for each of these responses was 0, since none of the syllables contained on the stimulus appeared in the responses. So, while both these responses were autistic, and the occurrence of autistic responses was encouraged by our instructions to guess, the control 5 1 I. R. made an appropriate adjustment in her confidence score. The accuracy-confidence correlation for each S is based on 24 such confidence-accuracy score pairs, and the more commensurate the confidence scores are with the corresponding accuracy scores, the higher is the correlation.
These correlations were transformed to Z scores. A one-way analysis of variance demonstrates the differences in these mean Z scores among the groups to be highly significant (F = 32.81, df = 2/57, p < .005). The average Z scores were then transformed back to obtain the average correlations for each group. The hallucinating schizophrenics had a mean accuracy-confidence correlation of .54, the nonhallucinating schizophrenics showed an average correlation of .84, and the control 5s averaged a .92 correlation between accuracy and confidence. The controls' mean correlation was significantly greater than the nonhallucinating schizophrenics' (/ = 2.91, df = 38, p < .005), and significantly greater than the hallucinators' mean correlation (t = 9.54, df = 38, p < .001). The hallucinators' mean correlation was also significantly lower than the nonhallucinating schizophrenics' correlation (/ = 4.50, df = 38, p< .001). As predicted, the control group demonstrated confidence more appropriate to their level of accuracy than did the schizophrenic groups, and the hallucinating schizophrenics demonstrated a greater inappropriateness than the nonhallucinating schizophrenics. This inappropriateness of confidence was in the direction of overevaluating the correctness of their low accuracy perceptions. For example, for responses in the 0%-20% accuracy range, the average level of confidence for the hallucinators was 4.3, meaning that while they were entirely, or almost entirely, inaccurate in repeating their phrases, they nevertheless gave an average confidence score between "Can't decide but I think I received the message correctly" and "Fairly certain I received the message correctly." The controls at this accuracy level averaged a confidence score of 1.6, which is between "Positive I received the message incorrectly" and "Fairly certain I received the message incorrectly." The average confidence score of the nonhallucinating schizophrenics was 2.1 at this level of accuracy.
On the Interaction of Imagery Vividness and Confidence-Accuracy Correlations
Among schizophrenic 5s, the group with the high vividness imaginers had lower confidenceaccuracy correlations. This might result from their auditory imagery being more like external auditory stimuli on the dimension of vividness and therefore more readily confused. Among the control 5s, however, vividness of imagery appeared to be unrelated to accuracy-confidence correlations. Of the control 5s, the eight with high imagery vividness scores had an average accuracy-confidence correlation of .91 and the 12 with low imagery vividness had an average accuracy-confidence correlation of .93. The difference is not significant (t = .06, df = 18, p < .50). It would seem that when reality testing is relatively intact, as with the nonpsychotic control 5s, the discrimination between vivid auditory imagery and external auditory stimuli is readily performed, but with the impaired reality testing characteristic of schizophrenia this discrimination is not readily made and may contribute to the formation of hallucinations.
DISCUSSION
The results supported the premise that two conditions, vivid auditory imagery and an impairment in reality testing specifically related to distinguishing internal from external stimuli, make for auditory hallucinations. Each of these conditions would appear to be necessary but insufficient in itself to produce hallucinations under ordinary conditions. The nonpsychotic control 5s demonstrated unimpaired reality testing and were free from auditory hallucinations, including the eight who reported vivid auditory imagery. The nonhallucinating schizophrenics, who did show an impairment relative to the controls in this specific reality testing measure, reported low vivid imagery in all cases but one. (It is interesting that this exception had an accuracy-confidence correlation of .97, the highest of any 5 in the study.) The hallucinating schizophrenics, with only a few exceptions, demonstrated a combination of both of the conditions predicted to be crucial to the production of hallucinations.
The vividness of imagery results disagree with the conclusions drawn in the studies of Cohen (1938) and Seitz and Malholm (1947) but are not necessarily inconsistent with their results. As indicated previously, these studies obtained a measure of the most frequently utilized imagery modality but no measure of imagery vividness. Finding a negative relation between this predominant modality and the modality of hallucinations, they concluded that imagery vividness and hallucinations in schizophrenia were unrelated. The findings of Sheehan (1967) and Zuckerman et al. (1962) of a general imagery vividness factor for their 5s, across modalities suggest that the results of the Cohen and the Seitz and Malholm experiments should be interpreted with caution. The data obtained by Roman and Landis (1945) actually foreshadowed the results of the Sheehan and Zuckerman et al. studies, as well as the imagery vividness findings of the present investigation. As noted earlier, these investigators found 18 of their 20 auditory hallucinating schizophrenic 5s to experience strong auditory imagery and all 20 to have vivid visual imagery. The repeated findings of relatively less frequent imagining in the modality of hallucinations would implicate additional factors, besides imagery and reality testing, in the formation of hallucinations. For example, experience may play a role so that there is more confusion in delineating the source of imagery in the less familiar imagery modality. The fact that the ears are always open and auditory stimuli tend to be transient while the eyes may be closed or aimed and visual stimuli are more apt to persist in time also may affect the modality of hallucinations.
An alternative explanation that could be offered to account for the imagery vividness results is that a differential response bias existed for the two schizophrenic groups. Since our knowledge that a patient hallucinates is dependent on his willingness to report his private experiences, it could be argued that those schizophrenics who deny hearing voices are the same ones who would deny hearing the record clearly when it isn't playing, while those schizophrenics who admit to hallucinations would also be those more likely to admit to hearing the record clearly when it isn't playing. The fairly consistent percentages of hallucinators obtained in a number of studies (Malitz et al., 1962; Alpert and Silvers, 1970; Peretz, Alpert, and Friedhoff, 1964) of schizophrenics argue against a simple response bias effect, but this alternative explanation cannot be entirely discarded.
A procedure to reduce the intrusion of response bias on the measure of imagery vividness would be to use a method of adjustment wherein 5s could compare their images with a real source. For example, they could manipulate volume and frequency filter controls (adjusting intelligibility) in an attempt to equate recorded speech heard through stereo headphones with their own auditory imagery. Stereo headphones set to be out of phase are particularly well suited to the task as the emitted sound "may appear to be localized in the center of the head [p. 405]" according to Rappaport (1968) who used them in the chlorpromazine study mentioned below.
An alternative explanation for the poorer performance of the hallucinators on the reality testing measure is that they are simply sicker and more disoriented than nonhallucinating schizophrenics. When we discuss the "sickness" of a patient, we sometimes refer to the number and intensity of his symptoms while at other times we are concerned with his prognosis.
We have previously found that the presence of hallucinations is not predictive of outcome (Peretz et al., 1964) . However, it might be reasonable to assume that the hallucinators were sicker because a prerequisite for inclusion in the group was a symptom that the nonhallucinators did not have. If the amount of antipsychotic medication is used as an indicant of the degree of pathology, this alternative explanation is not supported. In Table  1 we see that the average equivalent chlorpromazine dose for the nonhallucinators was 789 mg. as compared with 420 mg. for the hallucinators receiving a phenothiazine. Thus, although we cannot resolve the question concerning the possibility of a differential distribution of severity of illness in the two schizophrenic groups on the basis of our present information, it seems likely that the lowered reality testing scores are related to specific hallucinogenic factors rather than to the nonspecific severity of illness factors, At this point we should consider the possibility that some of our dependent measures were affected by phenothiazine therapy. It is pertinent that Rappaport (1968) found that chlorpromazine did not have a significant effect on schizophrenics' ability to process auditory information. We examined our results and did not find significant relations between dosage level and either accuracy-confidence correlations or vividness of imagery.
An assumption underlying the use of the imagery vividness procedure is that imagery produced voluntarily is related to the normally (but not invariably) spontaneous and involuntary phenomena of hallucinations. Separate imagery systems for voluntarily and involuntarily produced auditory imagery would seem unlikely. This is borne out by the highly significant relationship that was demonstrated between the reported presence or absence of auditory hallucinations and the vividness of voluntarily produced auditory imagery among schizophrenics (see Table 2 ). It may be that although the imagery of the auditory hallucination and that of the voluntarily produced auditory image are triggered in different ways, they share identical part processes. Furthermore, other things being equal, imagery which is not under conscious control would seem more likely to be confused with external stimuli, resulting in hallucinations, than would voluntarily controlled imagery. Sarbin (1967) pointed out that individuals without vivid auditory imagery have a difficult time believing the reports of those with vivid visual imagery and vice versa. It is also probably true that those individuals who don't experience vivid imagery in any modality have a hard time believing the reports of those that do. It is of interest to note here that Galton (see Boismont, 1859) found scientists as a group to be somewhat deficient in imagery vividness. This may explain why scientists, in the main, have tended to treat hallucinations as de novo phenomena of psychopathology unrelated to normal perceptual processes.
The defect underlying hallucination formation may reside in the process by which an individual discriminates his imagery from exteroceptive stimuli. In another study we have shown that, compared to the alcoholic, the hallucinations of the schizophrenic have perceptual characteristics closer to "thoughts that have become audible" (Alpert & Silvers, 1970) . It is success in performing the task of differentiating the source as inside or outside that determines whether the experience is vivid imagery or an hallucination. The lowered accuracy-confidence correlations, which appear to reflect a special difficulty that hallucinators show with ambiguous stimuli, may be seen as an experimental approach to the measurement of reality testing.
In conclusion, this investigation has demonstrated that hallucinating schizophrenics differ from nonhallucinating schizophrenics in important perceptual and cognitive aspects. The data presented are consistent with a model of hallucination formation which suggests that a combination of vivid auditory imagery and impaired reality testing increases the likelihood of auditory hallucinations.
